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vnnms FOR making an 

AHH ASTON RESISTA NT QUASI MONOFILAMENT 

RArKfiRQUND OF THF, rNVENTION 

1 Field of thg Invention 

The present invention relates to a process for making an abrasion resistant 
quasi monofilament having a high strength polyethylene fiber core with an 
5 adherent, abrasion resistant polymer sheath. More particularly, this invention 
relates to a process for making such a quasi monofilament by crosshead pressure 
extrusion sheathing at a tempcranire above the melting point of the core fibers 

2 Prior Art 

Polyethylene yams having very high tenacity have previously been 

10 described in U.S. Patents 4,413,110, 4,430,383, 4,436,689. 4,536,536, and 

4,545,950. The nature of the spinning processes used to prepare these yams is such 
that individual filaments are typically of low denier and consequently break at low 
applied loads. To remedy this, multi-filament yams may be used or several multi- 
filament yams may be foraied into a braid. However, such multi-filament yams or 

1 5 braids arc "limp", i.e., they have little flexural rigidity, and consequently bend 

easily when subjected to a transverse force. Additionally, in applications subjected 
to high abrasion, the individual low denier filaments of the multi-filament yams may 
be rapidly worn through to produce debris or fibrillations which can snag or 
otherwise compromise the utility of the yam or braid. In such applications it would 

20 therefore be highly desirable to have an article of high tenacity and high denier 
possessing high absolute breaking load together with flexural rigidity and high 
abrasion resistance. Examples of such applications are spons fishing lines, kite 
lines, dental floss, "wecdeater" lines and tennis racket strings. 

High strength polyethylene fibers or yams coated ^vith polyethylene or in a 

25 polyethylene matrix material are known. U.S. Patent No. 4,501,856 discloses a 
composite of high strength polyethylene fibers in a matrix material which "may be 
any of the various known forms of polyethylene, including low density 
polyethylene (density of between 0 90 and 0 .94 g/cm^), high density (between 
0 94 and 0 98 g/cm*). linear low density or other conventional forms "US 

30 Patents 4.543.386 and 4,563.392 describe composites wherein high strength 



r 
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polyethylene fibers are coated on at least a ponion of their surface with a solution 
of high density or low density polyethylene. U.S. Patents 4,403,012 and 
4,916,000 also mention coating high strength polyethylene fibers with 
polyethylene. JP-A-6022666 describes the preparation of fishing line which is 
5 composed of ultrahigh molecular weight polyethylene fibers which have been 
dipped in polyethylene wax at less than 90®C. 

The extrusion coating of aramid fiber bundles or ropes with polyethylene 
is also known U S. Patent 4,202,164 describes a thermoplastic coated aramid 
rope wherein the coating can be polyethylene extruded under pressure into the 
1 0 interstices of the rope. U.S. Patent 4,050,230 describes covering an uncured, 
thermosetting resin-coated bundle of aramid or glass fibers with molten 
polyethylene, for example by extrusion coating with the mek at a temperature of 
200*^C. and under vacuum. 

None of these publications, however, describes a process of crosshead 
1 5 pressure extrusion sheathing a high strength fiber core at a temperature above the 
melting point of the core fibers. These documents also fail to describe the use of a 
sheathing composition comprising as a critical component thereof a polymer 
having ethylene crystallinit>\ a density of at least 0.94 g/cnv, and a melt index of 
less than about 0 I&'IO min 



20 



SUMMARY OF THE IN\T>rnON 

The present invention is a process for making an abrasion resistant quasi 
monofilament . This process comprises the steps of 

a. continuously feeding a core polyethylene multi-filament yam having a 
tenacit>' of at least about 15 g/d and a tensile modulus of at least about 500 g/'d 
through a crosshead die. while simultaneously 

b supplying a poKTner melt at a temperature greater than the melting point 
of the core yam to the die, for 

c sheathing the core yam wthin the die uith the melt under a sufficient 
pressure to cause the melt to adhere lo the core yam, and 
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d. cooling the sheathed yam to below the melting point of the polymer melt. 
The process may additionally comprise the optional steps of: twisting the core yam 
prior to the feeding step; pretreating the core yam, preferably after twisting, to 
enhance adherence of the melt to the core yam; stretching the core yam 
5 simultaneous with the sheathing step; and/or post-stretching the sheathed core 
yam. Post-stretching is conducted as described in EP 205 690B at a temperature 
within about lO^C. of the melting point of the core yam, at a stretch rate of less 
than about 1 sec\ and the post-stretched sheathed yam is cooled under tension 
sufficient to retain the highly oriented state of the core yam. In a preferred 
1 0 embodiment, the process additionally comprises the twsting step. The present 
invention also includes the quasi monofilaments produced by the processes of this 
invention. 

There is provided by the process of the present invention a quasi 
monofilament of indefinite length comprising (a) a core of polyethylene multi- 

] 5 filament yam having a tenacity of at least about 1 5 grams per denier (g/d) and a 
tensile modulus of at least about 500 g/d; and adhered thereto (b) an abrasion 
resistant sheath comprising an effective amount of a first polymer having ethylene 
crystaUinity. a density of at least about 0.94 g/cm' and a melt index of less than 
about 0, 1 g/10 min. The sheath preferably also comprises an effeaive amount of a 

20 compatible processing aid The preferred sheathing composition is charaaerized by 
a weight average tensile strength at yield of greater than about 13 .8 MPa. 

The quasi monofilament made in accordance with this invention is a unique 
and useful anicle possessing the high tensile properties and low elongation of the 
core yam combined uiih the flexural rigidity of a monofilament. It is particularly 

25 advantageous as sppns fishing line and in numerous other applications 

BRIEF DESCRIPTION OF THE DRAUTNGS 
The invention uill be more fiilly understood and funher advantages u-ill 
become apparent when reference is made to the follou-ine detailed description of 
3C the invemion and the accompammg drawncs in which 



8NSOOCID: ^O_9830567A1J_?' 



wo 96/30567 



PCT/US96/03848 



4 

FIG. 1 is a top view in section of apparatus used in Comparative Examples 
19 through 27 and in Examples 28 through 55 of the invention; 

FIG. 2 is a top view in section of apparatus similar to that used in 
Comparative Examples 1 through 1 8; and 
5 FIG.3 is a scanning electron micrograph of the cross-seaion of the quasi 

monofilament prepared in Example 45. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
By "quasi monofilament" is meant an article which has the look and feel 
10 of a monofilament, i.e . a single untwisted synthetic filament, but which actually 
comprises a sheathed multi-filament core yam. which may have been twisted prior 
to sheathing 

The present invention produces a quasi monofilament of indefinite length 
comprising (a) a core of polyethylene multi-filament yam of very high tenacity and 
1 5 tensile modulus and (b) an adherent, abrasion resistant sheath of a polymeric 

material deposited on the core by a process of crosshead pressure extrusion at melt 
temperatures in excess of the melting point of the core yam. This stmcture is new, 
novel and usefijl. 

Preferably, the core yam consists of polyethylene filaments having a weight 
20 average molecular weight in excess of about 300,000 kg/kg-mole, a tenacit\' of at 
least about 1 5 g/d, and a tensile modulus of at least about 500 g/d. The intrinsic 
viscosir>' of the core yaun may be about 3 to about 29 dl/g as measured in decalin ai 
nS'^C. more preferably about 7 to about 15 dl/g The co.c yam of this invention 
can be made by the method of US Patents 4,55 K296 or 4.4 13, 110 or by the 
25 methods described in EP 205 960B, all of which are hereby incorporated by 

reference Tensile properties referred to have in are determined through utilization 
of an Instron tensile tester using a 10 inch gauge length and a stain rate of 100 
percent per minute, in accordance with ASTM D2256 

The polvethvlcne core yam may be composed of from about 5 to about 
3 : O600 individual filaments of about 0 5 lo about 20 denier 'filament (dpi) More 
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preferably, the core yam is composed of from about 30 to about 400 filaments of 
about 1 to 10 dpf The core yam may be twisted or untwisted, but preferably is 
twisted with about 0. 1 to about 20 tums^ch (tpi), more preferably with about 0.5 
to about 15 tpi, the lower twist count being used for higher yam deniers and the 
5 higher twist count being used for lower yam deniers. 

The sheathing composition can be any polymeric material that exhibits 
satisfeaory adhesion to the core yam and resistance to abrasion in accordance 
with Federal Motor Vehicle Safety Standard 209, modified as follows. The quasi 
monofilament to be tested for adhesion and abrasion resistance is clamped at one 
1 0 end and subjected to a reciprocating motion in a horizontal direaion over a 
distance of 32 cm at a frequency of 0.5 Hz. To the other end of the line is 
suspended a 1 oz. weight. At a point between the two ends of the line, it passes 
through and bears against a fishing rod guide ("Hardloy" silicon carbide guide by 
Fuji) of 8 mm diameter. As the line passes through the guide, the direction of the 
1 5 line is changed from horizontal to vertical. At the completu.'i of 2500 cycles of 
reciprocating motion against the fishing rod guide, the line is detached from the 
apparatus and visually examined for signs of abrasion or detachment of the sheath 
from the core If there are no signs of detachment, the adhesion/abrasion propen\' 
of the sheath is rated as "satisfactory " If abrasion has exposed areas of the core 
20 yam. the adhesion/abrasion propern* of the sheath is rated as "unsatisfacton " 
Preferably, the sheathing composition possesses a weight average tensile 
strength at yield in excess of about 13 8 MPa by apphcation of the rule of 
mixtures to its components. By "weight average tensile strength at yield" is 
meant the sum of the products of the weight fraaions and tensile strengths of each 
25 of the components The tensile strength at vield of the individual components is 
measured by .A.STM Standard D638 Higher weight average tensile strengths of 
the sheathing composition and higher twist levels of the core fibers are preferred 
so as to pro\nde greater flexural rigidit>* and also to reduce flattening of the article 
m the fishing line application caused by bearing agamst the fishing pole guides 
3C Preferably the sheathing composition composes a polyolefin. polyolefin 
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copolymer or polyolefin blend. Components of the sheath may include, but are 
not limited to. high density polyethylene, low density polyethylene, linear low 
density polyethylene, ethylene copolymers with non-olefinic monomers, ethylene- 
propylene copolymer, polyethylene wax, antioxidant, colorant and ultraviolet light 
5 stabilizer. 

The sheathing composition preferably includes a processing aid in 
combination with an eflFective amount of a first polymer having ethylene 
crystallinity, a density of at least about 0.94 g/cm' as measured by ASTM D972, 
and a melt index of less than about 0.1 g/10 min as measured by ASTM D 123 8 at 
1 0 condition 190®C./2. 16 kg. The Comparative Examples which follow xyill show 
that using polymers having a density of less than about 0.94 g/cm' and a melt 
index of greater than about 0.1 g/10 min for the first sheath polymer produces 
sheathed yams having poor adhesion and abrasion resistance. The processing aid 
has the eflfect of increasing the flow of the first sheath polymer. The choice of 
1 5 processing aid is not critical so long as its mehing point is below the processing 
temperature, its melt index is greater than that of the first sheath polymer, and it is 
thermally stable at the processing temperature. A processing aid meeting these 
characteristics is deemed compatible vnth the first sheath polymer. Suitable 
processing aids may include polymers having ethylene cr>'stallinity and a melt 

20 index exceeding about 1 g/10 min, as well as waxes. 

In a preferred embodiment, the sheathing composition is a blend which 
includes about 1 5 to about 95, more preferably about 25 to about 75. weight 
percent of the first poiymer as defined above, which is preferably poiyethylene 
The blend ftjrther comprises, as a processing aid, about 5 to about 85. more 

25 preferably about 25 to about 75, weight percent of a poiymer having ethylene 
cn stailinity. a melt index exceeding about I g/10 min and a density of greater 
than about 0 94 g/cm\ The preferred melt index for the second poKmer ranges 
from about 1 to about 100 g^O min The sheathing composition optionally 
comprises about 1 to about 20 weight percent, more preferably about 2 to about 

30 10. weight percent of a processmg aid consisting of a wax, preferably 
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polyethylene wax. The polyethylene wax has a density of at least about 0.92 
g/cm^and a viscosity at 140®C. of at least about 50 cps Brookfield viscosit>'. All 
weight percents are on the weight of the blend. Blends of blends can also be used. 
The sheath should form about 10 to about 90 weight percent of the quasi 
5 monofilament anicle, the proportion to be determined in relation to the end-use 
application. For fishing line, the sheath preferably forms about 15 to about 60 
weight percent of the quasi monofilament article, and most preferably about 20 to 
about 45 weight percent. 

The process of the present invention by which the described product is 
] 0 made minimally comprises the following steps: (a) continuously feeding 'he core 
polyethylene multi-filament yam through a crosshead die. while simultaneously 
(b) supplying a polymer melt at a temperature greater than the meliing point of the 
core yam to the die, for (c) sheathing the core yam within the die with the meh 
under a sufficient pressure to cause the melt to adhere to the core yam; and 
1 5 (d) cooling the sheathed yam to below the melting point of the polvmer melt. 
These process steps and associated conditions will be described in detail below 
There are also several optional process steps. These steps include twisting the 
core yam prior to the feeding step; pretreating the core yam, preferably after 
twisting, to enhance adherence of the melt to the core yam; stretching the core 
20 yam simultaneous with the sheathing step, and/or post-stretching the sheathed 

core yam at a temperature within about lO'^C. of the melting point of the core yam 
at a stretch rate of less than about 1 sec'^ and cooling under tension sufficient to 
maintain the high orientation of the core yam. The preferred process will depend 
upon the application; uiih spons fishing lines, the prefenrej process includes the 
25 optional step of twisting. 

The quasi monofilament anicle can be made by contaaing the core yam 
with the desired sheath material where the sheath material is in a melt state 
Advantageously, the core yam is uithdraun from a supply source and 
continuously fed through a melt of the sheath material in a crosshead pressure 
30 extrusion die where ii is sheathed From the die. the sheathed yam travels through 
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a cooling zone to be taken up. A crosshead pressure extrusion die is also known 
as a wire-coating pressure die. A description of such a die is to be found in the 
Encyclopedia of Polymer Science and Engineering, Vol. IK p.273, John Wiley & 
Sons, New York, 1988. In Figure 1, die 23 is held in place against crosshead die 
5 body 21 with die retaining ring 24 and associated bolt 25 Crosshead die body 21 
has a melt feed channel 28 therein, characterized, as is typical of crosshead dies, by 
a 90 degree bend. Core tube 27 and associated guider tip 22, which have an axial 
bore 29 for passage of core yam 26 therethrough, are mounted within crosshead 
die body 21 so as to define an annular melt delivery channel at the exit end of 
1 0 guider tip 22. The exit end of guider tip 22 is within die 23 

Core yam 26 enters axial bore 29 of core tube 27 and exits from guider tip 
22 (left to right in the drawing figure). The melt, supplied by an extruder (not 
shown) to melt delivery channel 28 through entrance 30, flows around the 90 
degree bend into the annular melt delivery channel to contact moving yam 26 at 
1 5 the exit end of guider tip 22 inside die 23 . The melt sticks to and is pulled by 

moving yam 26 to sheathe the core yam 26. From the exit -f die 23, the sheathed 
yam passes through an air gap to a water bath (not shown) where it is cooled to 
below the melting point of the polymer melt From the water bath, the cooled 
sheathed yam is taken up (also not shown) The water bath can be eliminated by 
20 providing an air gap sufficient in length to coo! the sheathed yam to below the 
melting point of the polymer melt: the yam runs through the cooling zone (air 
gap) to a pair of rubber covered nip rolls to be taken up. If the option of stretching 
the core yam simultaneous with sheathing is desired, a conventional yam feeding 
de\nce can be provided, upstream of the crosshead die, with the capability of 
25 restraining the yam against the tension of a take-up device located on the exit side 
of the crosshead die 

The processing conditions, panicularly the melt temperature, pressure, and 
flow rate, and the yam velocit\' are such that the sheath materia] adheres to the 
core yam Adhesion is generally benefited by higher melt 'rmperatures, pressures 
30 and flow rates and lower yam velocity through the melt Howe\'er. it uill be 
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recognized that if melt temperature is too high and yam velocity is too low, the 
yam will lose a large proportion of its molecular orientation and strength in the 
crosshead die. At sufficiently high melt temperature and low yam velocity, the 
yam will melt and sheathing becomes impossible. 
5 Surprisingly, it is found that the requisite combination of adhesion and 

operability are obtained when the melt temperature of the sheath material is above 
the melting point of the core yam. Yam melting point is determined by 
Differential Scanning Calorimeter (DSC) at a heating rate of 10°C./min. 
Preferably the melt temperature is at least about IS^'C, more preferably at least 
1 0 about SO^^C, above the yam melting point. As a practical matter, melt 

temperatures range from about 190 to about 260® C. Melt temperature is measured 
by means of a thermocouple insened in the meh stream within or immediately 
preceding the crosshead die. Pressure of the meh on the core yam in the 
crosshead die assists adhesion. It is preferred that the crosshead melt pressure at 
1 5 the melt entrance 30 be at least about 3.4 MPa. It will be understood that the 
actual pressure of the melt on the core yam will be somewhat less than measured 
as a result of pressure drops in the die. Preferred yam velocities range from about 
90 to about 900 meters per minute (m/min), more preferably about 1 50 to about 
600 m/min The melt is supplied at a melt throughput suflScient to form from about 
20 10 to about 90. more preferably about 15 to about 60, most preferably about 20 to 
about 45 weight percent of the sheathed core yam The preferred melt flow rate, 
or throughput, ranges from about 0.4 to about 10 kg/hr, more preferably about 2 
to about 5 kg/hi. Yam residence time in die 23 t\T)ically ranges from about 0.001 
to about 0.10. more preferably about 0.01 to about 0.05» seconds. 
25 Pretreaiment of the core yam to enhance adherence of the melt thereto 

preferably occurs after twisting just prior to extrusion sheathing There are several 
alternate pretreatments available The surface of the core yam can be exposed to a 
high voltage corona or plasma Greater detail on plasma treatment can be found 
in Kaplan. S L et al. Gas Plasma Treatment of SP ECTK.Ag Fiber SAMPE 
30 Ouanerly. \*oI 19. No 4. July 1988, pp 55-5<^. hereby incorporated by reference 
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Additionally or alternatively, the surfaces of the individual fibers of the core yam 
can be primed with an effective amount of a resin having ethylene crystallinity 
and a melting point of less than about 1 35^*0. Preferred primers are 
PRIMACOR® ethylene-acrylic acid copolymers, grades 5980 and 5990 
5 manufiictured by the Dow Chemical Company, and A-C®X-413 ethylene-acrylic 
acid polyamide graft copolymers manu&ctured by AlliedSignal, Inc. The primers 
are preferably applied to the yam as a dispersion in water and the yam then dried. 
Alternatively, the surface of the core yam can be scoured to remove any residua! 
finish therefrom. As yet another altemative/additional pretreatment, the surface of 
1 0 the core yam can be wetted with an effeaive amount of mineral oil to soften or 
solvate the surface: These two latter pretreatments preferably occur prior to 
twisting. 

The posi-stretching step takes place after the sheathed yam has been 
cooled. Preferably the sheathed core yam is post-stretched at least about 50 

1 5 percent, more preferably at least about 100 percent, at a temperature within about 
lO^C. of the melting point of the core yam, at a stretch rate of less than about 1 
stc \ and the post-stretched sheathed yam is cooled under tension sufficient to 
retain the highly oriented state of the core yam. By stretch rate is meant the 
stretching velocity difference divided by the length of the stretching zone. For 

20 example if fiber or yam being stretched is fed to the stretch (draw) zone of ten 

meters at ten meters per minute (m/min) and A^ithdrawn at a rate of twenty m/'min; 
the stretching rate would be (20 m/min- 10 m/min) divided by 10 m which equals 
one minute'V See U.S. 4,422,993, hereby incorporated by reference, at column 4, 
lines 26 to 3 1 . Post-stretching is described in greater detail in EP 205 960B The 

25 advantageous propenies achieved through post-stretching the sheathed core yam 
are higher tenacity, higher tensile modulus, lower ultimate elongation and 
smoother surface texture. 

The quasi monofilament thus prepared consists of the core yam and a 
surrounding adherent sheath Some penetration of the core yam by the sheath 

30 polymer has occurred but the sheath docs not fill the miersiices of the 
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polyethylene core like "coated" fibers of the prior art. Here, the sheath material is 
primarily at the surface with some penetration into the core fiber bundle, as 
illustrated in Figure 3. In the prior art, the coating completely penetrated the yam 
bundle. Thus, at equal deniers of the base yams and final products, the diameter 
5 of the quasi monofilament of the present invention is larger than that of the 

solution coated yam bundle of the prior art where the coating would primarily lie 
in the interstices between filaments. 

The invention will be illustrated by the examples and comparative 
examples which follow. A description of the components of the sheathing 
10 compr *?itions evaluated is given in Table I. 
CsniP' / .:::V^ e xamples 1 - 8 

A single screw extruder of 2.54 cm diameter and 25:1 L/D was fitted with 
a crosshead die of 0 1 07 cm exit diameter. Polymer feed to the extruder consisted 
of an ethylene-acrylic acid copolymer containing 19.6 percent acrylic acid 
! 5 available fi"om Dow Chemical under the designation XU-6075 1 15 (Table I). The 
polymer had a 270 meh index measured by ASTM DI238 at 125'^C./2. 16 kg and a 
tensile strength at yield of 7.58 MPa. The polymer was melted and conveyed by 
the screw extruder to a crosshead vacuum die similar to that depicted in Figure 2, 
which is found in the Handbook of Plastic Materials and Technolog}\ p 1208, 
20 John Wiley & Sons, Inc., New York (1990). Pans which correspond to those of 
Figure 1, previously described, are designated by the same numeral with a prime. 
The design of the crosshead die was such that the extruded polymer melt 
cont?'-te^; c re yam 26 immediately at the exit of die 23' rather than in the interior 
of die :3' A .'acuum cormection to the interior of die 23* along the yam path 
25 aided in pulling the melt into contact with yam 26. The pressure of the meh on 
the core yam was equal to the vacuum reading as set forth in Table n 

Traversing through the crosshead die in a direaion peiprndicular to the 
axis of the extruder was a 60 filament SPECTRA® 900 high strength 
polyethylene yam of 650 total denier, commercially available from AlliedSignal, 
30 Inc It was of 28 g'd tenacir>. 1200 g/d modulus. 1.300.000 kg/kg-mole molecular 
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weight and possessed a melting point of 147®C. 

After contacting the polymer melt at the exit of the crosshead die and 
passing through an air gap of 20.3 cm, the sheathed yam was quenched in a water 
bath. An extrusion sheathed quasi monofilament consisting of the multi-filament 
5 core yam and its polymer sheath was thereby produced. Meh temperatures, yam 
take-up speeds, sheathed yam deniers and sheathing composition content were 
varied as given in Table n. 

Testing of the quasi monofilaments made in these examples showed that 
the sheaths had poor adhesion to the core yam, could easily be stripped or abraded 
1 0 from the core yam and were therefore unsatisfaaory . 
Comparative Example 9 

In Comparative Example 9, a quasi monofilament was prepared in the 
same manner as described in Example 1 but the sheathing composition was Dow 
PRIMACOR® 3460 of 20 g/10 min melt index at 190°C./2. 16 kg, 9.5 percent 
15 acrv'lic acid content, and 7.34 MPa tensile strength at yield (Table I). Sheath 

adhesion/abrasion resistance of this sample was somewhat improved but was still 
unsatisfaaory. 

Comparative Examples 10-14 

In Comparative Examples 10 through 14, quasi monofilaments were 

20 prepared in the same manner as described above but the sheathing compositions 
were 50/50 and 67/33 blends of Dow 6075 1 . 1 5/PRIMACOR 3460 as shown in 
Table II. The blends were formed by feeding a pellet mixture to the extrusion 
coating extruder Weight average tensile strength of the blends was less than 7 .4 
MPa In Comparative Example 10 only, the core yam was an AlliedSignal. Inc . 

25 commercially available product, SPECTRA® 1 000 polyethylene yam, of 2 1 5 
denier. 60 filaments. 33 g'd tenacity, 1500 g d modulus, 1,300,000 kg/kg-mole 
molecular weight and ]^^'C melting pom: Sheath adhesion abrasion resistance 
of all samples was unsatisfactor>' 
ComparaTive Examples 15 > 18 

30 In Comparative Examples 15 through 18. quasi monofiiamems were 
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prepared in the same manner as described above but the sheathing resins were 
Tcnite 812A low density polyethylene (LDPE) of 7.31 MPa tensile strength or 
Tenite M2001-P high density polyethylene (HDPE) of 22.06 MPa tensile strength. 
Sheath adhesion/abrasion resistance of all samples was unsatisfactory (Table 11). 
5 Comparativ e Examples 19-27 

The type of crosshead extrusion die was changed to one in which the 
sheathing composition was brought into contaa with the fiber bundle under 
pressure within the interior of the die as illustrated in Figure 1 and previously 
described. The exit diameter of bore 29 at guider tip 22 was 0.046 cm, and the 

10 exit diameter fi-om die 23 was 0.061 cm. Tenite M2001-P HDPE was used as the 
primar\' polymer resin in Comparative Examples 19 through 22. A blend of 
Tenite M2001-P and AlliedSignal, Inc., AC-735 polyethylene wax formed the 
sheathing composition in Comparative Examples 23 through 27 The blends were 
formed by feeding a pellet mixture to the extrusion coating extruder. Sheath 

1 5 adhesion/abrasion resistance of the quasi monofilaments of these Comparative 
Examples was slightly improved but still unsatisfaaory. Table HI shows the 
conditions under which these Comparative Examples were prepared. 
Examples of the Invention 2g > 33 

The quasi monofilaments of Examples 28 through 30 were prepared in the 

20 same manner as that of Comparative Example 19 but the sheathing composition 
was a blend of 72 weight percent Tenite M2001-P, 18 weight percent Paxxon 
4261 and 10 weight percent AC-7j5. The blends were formed by feeding a pellet 
mixture to the extrusion coating extruder Sheath adhesion and abrasion 
resistance of these Examples was satisfaaor>' (Table III). comparison of these 

25 examples vAih Comparative Examples 23 through 27 shows the benefit of 

inclusion of 18 weight percent of the low melt index Paxxon 4261 component in 
the blend This is an intrinsically tougher, more abrasion resistant component It 
will also be noted that, remarkably, melt tempcramres in these examples were 
over 5C*'C higher than the mehing pom: of the core yam. and melt pressures were 

30 m excess of 1 3 C MPa Both of these factors aided m adherence of the sheath to 
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the core yam. 

The quasi monofilaments of Examples 31 through 33 were prepared in the 
same manner as those of Examples 28 through 30 but the f heathing composition 
included a higher concentration of the low melt index Paxxon 4261 component. 
5 The blend contained 54 weight percent Tenite 2001 -P, 36 weight percent Paxxon 
4261, and 10 weight percent AC-735. Sheath adhesion/abrasion resistance of the 
sheath to the core yam was satisfaaory (Table IE). 
Examples of the Invention 34-39 

Table IV shows the production conditions for these examples. The core 
1 0 yam was 60 filament SPECTRA® 900, 650 denier with 0.9 tpi of tvnst. The 
compositions of polymer blends SK- 1 and SK-2 are given in Table \T. Prior to 
extrusion coating, the components of the blend were dr\' blended and fed to a 
Killion single screw extruder of 2.54 cm nominal diameter with a screw having a 
1 4 to 1 extrusion screw compression ratio and a length to diameter ratio of 30 to 
15 ] This material was extruded at a temperature of 233 - 23o**C. through a 0.3 1 8 
cm diameter rod die and quenched and pelletized. The quasi monofilaments of 
these Examples possessed satisfaaor>' sheath adhesion/abrasion resistance. 

Following extrusion coating, the yam from Example 35 was post-stretched 
to produce the lower denier, higher tenacitv' sample of Example 36 Post- 
20 stretching was conducted in two in-line stages The first stage stretch was 165 
percent at a stretch rate of 0.012 sec*' at IST'^C The second stage stretch was 15 
percent at a stretch rate of 0.009 sec*' at 159®C. Fiber physicals are set forth in 
Table \TI 

Examples of the Invention 40 > 44 

25 Table V shows the production conditions for these examples. The core 

yam was 60 filament SPECTRA® 900. 650 denier with 5 0 tpi of twist In 
Example 42. the yam was pretreated with 3 5 percent mineral oil In Example 43, 
the yam was pretreated with 6 5 percent of PRIM'\COR ' *^80, melting point 
'79^C . apphed as a water based dispersion and then dried In Example 44. the 

3C yam was pretreated with 6 8 percent of A-CKX-413. Mettler Drop Point 99- 
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107°C. (ASTM D3954), similarly applied as a water based dispersion. All 
percenuges are weight percent based on the weight of the untreated yam. 
Pretreatment occurred prior to twisting in Example 42; pretreatment occurred after 
twisting in the other examples. 
5 In Example 40, the polymer blend composition was SK-6. In Examples 4 1 

through 44, the polymer blend composition was SK-9. The composition of 
polymer blends SK-6 and SK-9 are given in Table VI. Prior to extrusion coating, 
the components of the blends were dry blended and fed to a compounding 
extruder having a length to diameter ratio of 30 to 1. The materials were extruded 
10 at a temperature of 233 - 239*'C. through a 0.3 18 cm diameter rod die and 
quenched and pelietized. 

The quasi monofilaments of Examples 40 through 44 possessed 
satisfactory sheath adhesion/abrasion resistance. The adhesion/abrasion resistance 
of the quasi monofilaments of Examples 41 through 44 were greater than that of 
1 5 Example 40, which demonstrates the benefit of the composition of blend SK-9 
over that of SK-6 and the benefits of the various pretreatments 
Examples of the Invention 45-55 

Table V also shows the production conditions for these examples The 
core yam was a 120 filament SPECTRA® 1000 high strength polyethylene yam 
20 of 430 total denier, nominally 36.5 g/d tenacity, 1400 g/'d tuodulus. 1,300,000 
kg/kg-mole molecular weight, melting point about 147°C, with 5 .0 tpi of twist 
The exit diameter of bore 29 at guider tip 22 was 0.038 cm, and the exit diameter 
fi-om die 23 was 0 046 cm The length of the air gap was increased to var\- from 
about 165 to 432 cm The core yam in Example 45 received no pretreatment The 
25 core yam in Example 46 received plasma treatment. Examples 49, 5 1 and 52 

received corona treatment In Example 49, the corona treatment was followed by 
application of S 7Vo A-C®X-413 In Example 51. the corona treatment was 
followed by application of 5 0% PRIMACOR 5980 In Examples 47 and 48, the 
core yams received applications of A-C®X-4 1 3 or PRIMACOR 5980 u-ithout 
30 prior corona treatment In Example 50. the core yam was scoured prior to 
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twisting to remove finish oils applied during yam manufacture. The yam in 
Examples S3 -5 5 received no pretreatment but the air gap was increased in these 
Examples from 165 cm to 229 cm to 432 cm, respectively, with elimination of the 
water bath in Example 55. In all of these examples, the polymer blend 
5 composition was SK-9. 

The plasma treatment of Example 46 utilized a PSIOIO continuous reactor, 
available from Airco, Plasma Science Division. Conditions were as follows: 300 
wans power, 1 minute residence time, 0.5 torr pressure, with mixtures of oxygen 
and gaseous fluorocarbons. 
1 0 The corona treatment of Examples 49, 5 1 and 52 utilized a double-sided 

corona treater, model CMD-150-MMS, with two corona generators, model 
SOA-150, commercially available from Softal of America, incorporated, of 
Pawtucket, Rhode Island Conditions were as follows: 0.6 kilowatts on each 
generator, 0 35 to 0.45 mil gap for twisted core yam to pas:> through, and line 
1 5 speed of about 12.2 m/m. 

The scouring in Example 50 took place as follows. An end of yam was 
run through a first water bath at ambient temperature until wetted out. The yam 
was then passed through a second water bath containing 0. 1 g/liter of a nonionic 
surfactant, Hostapur CX, 0.5 g/liter of trisodium phosphate, and a sufficient 
20 amount of sodium hydroxide to bring the pH of the bath to about 9.0-9.5, at a 
temperature of 49°C. The yam was then passed through two rinse baths at 49*'C 
and 27''C, respeaively. The rinsed yam was rolled into a bundle and dried at 
about lOO^'C in a vacuum oven. 

The quasi monofilaments produced in Examples 45-55 possessed 
25 satisfactory sheath adhesion/abrasion resistance The adhesion/abrasion 

resistances of the produas of Examples 46-51 were equal to or greater than that of 
produa from Example 45. which demonstrates the benefit of the various 
pretreatments The adhesion/abrasion resistance of the product of Example 45 
was superior to that of produa from Example 41. and the adhesion/abrasion 
30 resistances of quasi monofilaments produced in Examples 54 and 55 were 
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superior to that produced by Example 45, which demonstrates the benefit of a 
longer air gap. 

FIG. 3 is a scanning electron micrograph of the cross-section of the sheathed 
quasi monofilament prepared in Example 45. This is illustrative of the sheath- 
5 core structure of the quasi monofilaments made by the process of this invention. 
No primer was used in Example 45. It will be recognized that application of a 
primer will tend to fill in the spaces between the inner filaments but that the 
sheath material will still constitute an annular ring surrounding and penetrating the 
spaces between the outer layers of the core yam. 

10 
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TABLE VI 



COMPOSITIONS OF BLENDS 



5 



10 



! 1 • ■ 


1 ivyeiaht Percent of Comoonent In Bl^nd 


• 1 1 1 


ComponcPt 


^K-l 


SK>2 


SK-6 


SK.9 


1 










Paxxon 4261 I 


36.90 


73.80 


36.79 




Paxxon S261 








49.47 


Sciair2915 ' 








49.47 


Tenite M2001-P 


55.35 


16.45 


55.18 




AC 6 


7.00 


7.00 • 


7.00 




Irganox 1010 ' 






0.38 


0.38 


Irganox B-225 : 


0.74 


0.74 






Tinuvin 783 






0.60 


0.60 


Hytherm Blue 


0.01 


0.01 


0.023 




Solvent Green #5 






0.023 




Pylakrome Dark 
Olive 






0.08 


1 100.00 1 100.00 1 100.00 1 100.00- 
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Table VD 
Fiber Phvsicals 



5 







Tenacity 


Tensile Modulus 




35 


1017 


16 


489 


4.5 


36 (post-stretched) 


319 


20 


746 


3.7 



5 ASTM Method D885 strain rate 1 00% per minute 
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WE CLAIM: 

1 . A process for making an abrasion resistant qiiasi monofilament, comprising 
the steps of: 

a. continuously feeding a core polyethylene multi-filament yam having a 

5 tenacity of at least about 1 5 g/d and a tensile modulus of at least about 500 

g/d through a crosshead die, while simultaneously 

b. supplying a polymer melt at a temperature greater than the melting 
point of the core yam to the die, for 

10 

c sheathing the core yam within the die with the melt under a sufficient 
pressure to cause the melt to adhere to the core yam; and 

d. cooling the sheathed yam to below the melting point of the polymer 
15 melt. 



2. The process of claim 1 wherein the yam is fed ai a yam velocity of about 90 to 
about 900 m/min. the yam has a residence lime in the die of about 0.001 to about 
0.10 sec, and the meh is supplied at a melt throughput sufficient to form from 

20 about 10 to about 90 weight percent of the sheathed core yam. 

3. The process of claim 1 additionally comprising the step of twistmg the core 
yam prior to the feeding step. 

25 4 The process of claim 3 additionally comprising the step of post-stretching the 
sheathed core yam at a temperature within about lO^C of the melting point of the 
core yam at a rate of less than about I sec ' 

5 The process of claim 3 additionally comprising the step of prctreaiinc the core 
30 yam prior to the feeding step to enhance adherence of the melt to the core yam 
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6, The process of claim 5 wherein the pretreating step comprises priming the 
surface of the core yam with an effective amount of a resin having ethylene 
crystallinity and a melting point of less than about 13 5*^0 . 

5 7. The process of claim 5 wherein the pretreating step further comprises 

priming the surface of the core yam with an effective amount of a resin having 
ethylene crystallinity and a melting point of less than about 1 35*^0. after corona 
treatment. 

10 S The process of claim 5 wherein the melt is supplied at a melt throughpjt 

sufficient to form from about 1 5 to about 60 weight percent of the sheathed core 
yam, the temperature is at least about 25°C. above the melting point of the core 
yam, the pressure is at least about 3 4 MPa at the melt entrance to the crosshead 
die, and the core yam is twisted with about 0. 1 to about 20 tpi 

15 

9. The process of claim 3 wherein the meh is supplied at a melt throughput 
sufficient to form from about 1 5 to about 60 weight percent of the sheathed core 
yearn, the temperature is at least about 25°C above the melting point of the core 
yam, the pressure is at least about 3 4 MPa at the melt entrance to the crosshead 

20 die. and the core yam is twisted with about 0 1 to about 20 tpi 

10. The process of claim 1 additionally comprising the step of pretreating the core 
yam to enhance adherence of the melt to the core yam 

25 
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